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these numbers? As it was stressed by G.E. Smith, Nobel Laureate and one of the CCD inventors, ‘the basic unit of 
information in the device was a discrete packet of charge and not the voltages and currents of circuit based devices’ 
[Smith (2009)]. Thus each element of the output numerical array corresponds to the amount of charge accumulated 
in one definite pixel of the sensor. 
Let’s derive a general equation for the element I[n, m] of the output numerical array (obviously, this element will 
correspond to the pixel under the numbers [n, m]). 
The flux of light energy through the surface of the pixel detector under the numbers [n, m] is given by 
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If I(x, y) is constant during charge packet accumulation time ǻta then the total amount of energy incident upon the 
detector surface will be 
atW ')    (2)
Assume that input intensity distribution I(x, y) is formed by monochromatic light with frequency Ȟ. Then the 
number of photons Nph incident upon the detector surface will be 
Qh
WN ph     (3)
Assume that absorption of one photon yields one conduction electron with probability Ș. Then the number of 
conduction electrons accumulated in the pixel during time ǻta will be  
phe NN  K    (4)
The amount of charge qa accumulated in the pixel is given by 
ea Neq     (5)
Taking equations (1)-(5) and assuming that value of the output numerical array element I[n, m] is proportional to 
the amount of charge qa accumulated in the pixel, one can obtain: 
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In order to obtain the mathematical model of the digital image sensor in the form used in papers on digital 
holography, one should do two more things with Eq. (6). The first thing to do is to rewrite light energy flux, 
previously given by Eq. (1), through the rect-function representing pixel detector surface: 
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Taking into account that the rect-function is an even function, we can rewrite Eq. (7) in form of the convolution 
integral: 
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Substituting Eq. (8) to Eq. (6) we obtain  
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The second thing to do is to write equation of the digital image sensor model not for the element I[n, m] of the 
output numerical array, but for some ideal impulse spatial signal Is(x, y) which would be obtained if the sensor 
transformed continuous intensity distribution I(x, y) not into numerical array, but into sampled intensity distribution.  
In order to write equation for this ideal sampled intensity distribution Is(x, y) one have to multiply Eq. (9) by sum 
of two-dimensional į-functions spaced along the x and the y directions with pixel periods ǻx and ǻy respectively: 
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It would be much easier to find Fourier transform of the Eq. (10) if limits in the sum of į-functions were infinite. 
Therefore Eq. (10) usually is written in the form 
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where the second rect-function stands for account of finite size of the digital image sensor. 
All constant factors before the brackets are usually omitted, so the final form of the mathematical model of the 
digital image sensor for digital holography will be written as 
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where sign   stands for convolution. 
 
4. Conclusion 
Papers on digital holography in which mathematical model of the digital image sensor is used for analysis of the 
properties of the recorded digital hologram usually do not present formal derivation of this model. From time to time 
this approach leads to mistakes. In present paper formal derivation of the equation of digital image sensor 
mathematical model has been carried out. 
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